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(54) STABLE AQUEOUS EYE DROP 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain the subject preparation having 
significantly improved stability of dipivefrin in the vicinity of physiological pH 
by formulating an aqueous eye drop comprising dipivefrin as an active 
ingredient with a specific component 

SOLUTION: This aqueous eye drop comprises dipivefrin of the formula or 
its salt as an active ingredient and contains a component selected from an 
amino acid, benzoic acid and nicotinic acid amide. Glutamic acid, lysine or 
the like is preferable as the amino acid. In the case of the amino acid, the 
concentration is preferably 0.1 -0.5 (W/V)%. In the case of benzoic acid and 
nicotinic acid amide, the concentration is preferably 0.5 (W/V)%. The 
concentration of dipivefrin in the aqueous preparation is preferably 0.04-0.1 (CH^.O 
(W/V)%. Preferably the aqueous eye drop contains a component selected 
from a nonionic surfactant a polyhydric alcohol, a water-soluble polymer 
and a neutral salt to more improve stability. A polyoxyethylene sorbitan 
monooleate or the like is preferable as the nonionic surfactant and glycerol 
or the like is preferable as the polyhydric alcohol. 
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* NOTICES * 
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LThis document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Aquosity ophthalmic solutions which are the aquosity ophthalmic solutions which make an active principle dipivefrin or 
its salt permitted in pharmaceutics, and are characterized by containing further the component of at least 1 chosen from the 
group which consists of amino acid, a benzoic acid, and nicotinamide. 

[Claim 2] Aquosity ophthalmic solutions characterized by being the aquosity ophthalmic solutions which make an active principle 
dipivefrin or its salt permitted in pharmaceutics, containing the component of at least 1 chosen from the group which consists of 
amino acid, a benzoic acid, and nicotinamide, and containing the component of at least 1 further chosen from the group which 
consists of a nonionic surfactant, polyhydric alcohol, a water soluble polymer, and neutral salt. 

[Claim 3] Stable aquosity ophthalmic solutions characterized by being the aquosity drugs which make an active principle 
dipivefrin or its salt permitted in pharmaceutics, containing epsilon-aminocaproic acid, and containing the component of at least 1 
further chosen from the group which consists of a nonionic surfactant polyhydric alcohol, a water soluble polymer, and neutral 
salt 

[Claim 4] Aquosity ophthalmic solutions of claim 2 which are what is chosen from the group which amino acid becomes from 
glutamic acid, a lysine, and a histidine. 

[Claim 5] Claim 2 or 4 aquosity ophthalmic solutions which are what is chosen from the group which a nonionic surfactant 
becomes from polyoxyethylene sorbitan monooleate, polyoxyethylene hydrogenated castor oil, tyloxapol, and polyoxyl 40 stearate. 

[Claim 6] Aquosity ophthalmic solutions of claim 3 which are what is chosen from the group which a nonionic surfactant becomes 
from polyoxyethylene sorbitan monooleate, polyoxyethylene hydrogenated castor oil, tyloxapol, and polyoxyl 40 stearate. 
[Claim 7] Which aquosity ophthalmic solutions of claims 2, 4, and 5 which are what is chosen from the group which polyhydric 
alcohol becomes from propylene glycol, a glycerol, a sorbitol, and xylitol. 

[Claim 8] Claim 3 or 6 aquosity ophthalmic solutions which are what is chosen from the group which polyhydric alcohol becomes 
from propylene glycol, a glycerol, a sorbitol, and xylitol. 

[Claim 9] Which aquosity ophthalmic solutions of claims 2, 4, 5, and 7 which are what is chosen from the group which a water 
soluble polymer becomes from a polyvinyl pyrrolidone, the hydroxypropyl methylcellulose, polyvinyl alcohol, and a carboxymethyl 
cellulose. 

[Claim 10] Which aquosity ophthalmic solutions of claims 3, 6, and 8 which are what is chosen from the group which a water 
soluble polymer becomes from a polyvinyl pyrrolidone, the hydroxypropyl methylcellulose, polyvinyl alcohol, and a carboxymethyl 
cellulose. 

[Claim 11] Claim 2 whose neutral salt is what is chosen from the group which consists of a sodium chloride, a calcium chloride, a 
magnesium chloride, a sodium sulfate, a calcium sulfate, magnesium sulfate, a sodium nitrate, a calcium nitrate, and a magnesium 
nitrate thru/or which 1 0 aquosity ophthalmic solutions. 

[Claim 1 2] Claim 1 whose pH is 3.5-8.5 thru/or which 1 1 aquosity ophthalmic solutions. 

[Claim 13] Claim 1 whose concentration of dipivefrin is 0.01 - 1.0 W/V% thru/or which 12 aquosity ophthalmic solutions. 




[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is aquosity ophthalmic solutions which use as a principal component dipivefrin or its salt 
permitted in pharmaceutics, and relates to the aquosity ophthalmic solutions with which the stability of dipivefrin is improved. 
[0002] 

[Description of the Prior Art] Dipivefrin (Dipivefrin) is formula: [0003]. 
[Formula 1] 



(CH 3 ) 3 CCO — <( x > — CHCH 2 NHCH 3 

OH 

(CH3) 3 CCO' 

o 

[0004] It is compound [ which is come out of and expressed ], i.e., (**)-2-methylamino-t-[3 and 4-screw (pivaloyloxy) phenyl], 
ethanoi, and is epinephrine: [0005]. 
[Formula 2] 





HCH2NHCH3 



[0006] It is used for antiglaucoma ophthalmic solutions as a ** prodrug. That is, pivaloyl esterifi cation of the two phenolic 
hydroxy! groups of epinephrine is carried out, and both dipivefrin is excellent in cornea permeability, when instillation 
administration is carried out as compared with epinephrine, since lipophilicity is high. After penetrating a cornea, dipivefrin is 
changed into the epinephrine which is active metabolite by hydrolysis, and does so a curative effect with the epinephrine 
effective in open-angle glaucoma, hypertonia-bulbi glaucoma, etc. produced in this way. For this reason, dipivefrin also has few 
side effects, and expresses a curative effect with low concentration as compared with epinephrine, and it is known as useful 
drugs. 

[0007] However, the present condition is that dipivefrin has only the pharmaceutical preparation of 2 agent nature which consists 
of a freeze-drying object and a solution as dipivefrin pharmaceutical preparation which is easy to receive hydrolysis, and is 
marketed in Japan in the water solution since it is very unstable. Although the pharmaceutical preparation of this 2 agent nature 
has the advantage that it is stable in the usual preservation conditions, it needs preparation of the drugs by mixing a freeze- 
drying object and a solution before the beginning of using, and has resulted in it being not only inconvenient but avoiding mixing 
of dust, bacteria, etc. as much as possible, and forcing a patient careful cautions. Moreover, after the dissolution cannot deny a 
possibility the point that it is necessary to use up promptly since it is unstable is not only also inconvenient but that it may use 
the pharmaceutical preparation after degradation accidentally. 

[0008] Since it is such, as for dipivefrin ophthalmic solutions, it is desirable to consider as the gestalt of the water-soluble agent 
of stable 1 agent nature as much as possible, and the aquosity pharmaceutical preparation of 1 agent nature is used actually 
overseas. However, since the aquosity pharmaceutical preparation of this 1 agent nature has pH far lower than physiological pH 
range called the need [ of maintaining the stability of dipivefrin ] top pH 3, eye stimulative is strong. Since this stimufus served as 
a burden to a patient it was by no means desirable for the patient. 
[0009] 

[Problem(s) to be Solved by the Invention] In such a background, development of the dipivefrin aquosity pharmaceutical 
preparation of 1 agent nature with a stimulus stable fewer moreover was desired. This invention is aquosity ophthalmic solutions 
which use dipivefrin as a principal component and aims at offering the aquosity ophthalmic solutions which made the stability of 
dipivefrin improve intentionally [ near the physiological pH ]. 
[0010] 

[Means for Solving the Problem] this invention person found out that the stability of dipivefrin was notably improved in the water 
solution containing amino acid, a benzoic acid, or nicotinamide. Moreover, that much more stabilization is obtained also found out 
by making these solutions contain a nonionic surfactant polyhydric alcohol, a water soluble polymer, or neutral salt further. 
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Furthermore, a header and this invention were completed for extent of these stabilization being what is sufficient for enabling 
commercial production of the 1 agent nature ophthalmic solutions of dipivefrin. 

[0011] That is, this invention is aquosity ophthalmic solutions which make an active principle dipivefrin or its salt permitted in 
pharmaceutics, and offers the aquosity ophthalmic solutions characterized by containing further the component of at least 1 
chosen from the group which consists of amino acid, a benzoic acid, and nicotinamide. 
[0012] 

[The mode of implementation of invention] As a salt permitted like pharmaceutics of dipivefrin, organic-acid salts, such as 
inorganic-acid salts, such as a hydrochloric acid, a sulfuric acid, a nitric acid, and a phosphoric acid, a formic acid, an acetic acid, 
a tartaric acid, a lactic acid, a citric acid, a fumaric acid, a maleic acid, a succinic acid, methansulfonic acid, ethane sulfonic acid, 
and benzenesulfonic acid, can be mentioned, for example. 

[0013] When using amino acid for this invention, they may be known various amino acid. As desirable amino acid, epsilon- 
aminocaproic acid, glutamic acid, a lysine, and a histidine are mentioned especially. In making the aquosity ophthalmic solutions of 
this invention contain amino acid, these very thing may be added and they may be added in the form of a salt. As such a salt, 
although sodium glutamate, lysine hydrochloride, a histidine hydrochloride, etc. are mentioned, for example, it is not limited to 
these. Although considering as 0.01 - 1 W/V% is desirable as for the concentration and it is desirable especially to consider as 
0.05 - 0.5 W/V% when using amino acid, it is not necessarily limited to these. Moreover, although it is desirable to consider as 
0.01-1-/V% as for the concentration and it is desirable especially to consider as 0.1 - 0.5 W/V% when using a benzoic acid, it is 
not necessarily limited to these. Although it is desirable to consider as 0.01-1-/V% as for the concentration and it is desirable 
especially to consider as 0.1 - 0.5 W/V% when using nicotinamide, it is not necessarily limited to these. 

[0014] In this invention, although satisfactory stabilization is attained by content of amino acid, a benzoic acid, or nicotinamide, it 
is much more desirable to improvement in stability to make the component of at least 1 chosen as this from the group which 
consists of a nonionic surfactant, polyhydric alcohol, a water soluble polymer, and neutral salt further contain. 
[0015] The nonionic surfactants to be used may be known various nonionic surfactants. As a desirable nonionic surfactant, 
polyoxyethylene sorbitan monooleate (polysorbate 80), polyoxyethylene hydrogenated castor oil, tyloxapol (Tyloxapol; the 23rd 
edition of United States Pharmacopeia), polyoxyl 40 stearate, etc. are mentioned especially. Although considering as 0.01 - 10 
W/V% is desirable, considering as 0.05 - 5 W/V% is still more desirable as for the content of a nonionic surfactant and it is 
desirable especially to consider as 2W [ 0.1-]/V%, it is not necessarily limited to these. 

[0016] The polyhydric alcohol to be used may be known various things. As desirable polyhydric alcohol, propylene glycol, a 
glycerol, a sorbitol, and xylitol are mentioned especially. Moreover, although considering as 0.1 - 5 W/V% is desirable as for the 
concentration of the polyhydric alcohol to be used and it is desirable especially to consider as 0.3 - 3 W/V%, it is not necessarily 
limited to these. 

[0017] Although the water soluble polymers to be used may be known various things, as a desirable example, a polyvinyl 
pyrrolidone, the hydroxypropyl methylcellulose, polyvinyl alcohol, a carboxymethyl cellulose, etc. are mentioned especially. 
Although considering as 0.1 - 5 W/V% is desirable as for the concentration of the water soluble polymer to be used and it is 
desirable especially to consider as 0.3 - 3 W/V%, it is not necessarily limited to these. 

[0018] The neutral salt to be used is a neutral salt made from strong acid and a strong base. As desirable neutral salt, a sodium 
chloride, a calcium chloride, a magnesium chloride, a sodium sulfate, a calcium sulfate, magnesium sulfate, a sodium nitrate, a 
calcium nitrate, and a magnesium nitrate are mentioned. Among these especially desirable things are a sodium chloride, a calcium 
chloride, a magnesium chloride, and magnesium sulfate. Although it is desirable especially to consider as 0.1 - 3 W/V% as for the 
concentration of the neutral salt to be used, it is not necessarily limited to this. 

[0019] As pH of the aquosity ophthalmic solutions of this invention, it is desirable to consider as the range of 3.5-8.5, and it is 
desirable especially to consider as the range of 4-6. Since stabilization of dipivefrin can be attained according to this invention, 
as a result of being referred to as pH of the neutral range from the conventional 1 agent nature dipivefrin ophthalmic solutions, 
stimulative low pharmaceutical preparation can be offered. 

[0020] As for the concentration of the dipivefrin in the aquosity pharmaceutical preparation of this invention, it is desirable to 

consider as 0.01 - 1.0 W/V% of range, and it is desirable especially to consider as 0.04 - 0.1 W/V% of range. 

[0021] The aquosity ophthalmic solutions of this invention may add a buffer, a preservative, an isotonizing agent, and pH 

regulator further if needed, and these will not be limited especially if used for the usual ophthalmic solutions. 

[0022] As a buffer, an acetic acid, a phosphoric acid, boric acids, those salts, etc. can be mentioned, for example. 

[0023] As the above-mentioned preservative, quarternary ammonium salt such as acid, such as alcohols, such as phenol nature 

matter, such as a phenol, cresol, and a paraoxybenzoic acid, chlorobutanol, and propylene glycol (this functions also as a 

stabilizing agent in this invention as above-mentioned), a benzoic acid (this also functions also as a stabilizing agent in this 

invention as above-mentioned), and a dehydroacetic acid, or salts of those, a benzafkonium chloride, and benzethonium chloride, 

a thimerosal, etc. can be mentioned, for example. 

[0024] As an isotonizing agent, a sodium chloride (it functions also as a stabilizing agent), a boric acid, a borax, a glycerol, a 

glucose, a mannitol, etc. can be used. 

[0025] 

[Example] Although an example and the example of an experiment are given to below and this invention is explained to it still 
more concretely, it does not mean that this invention is limited to these examples. 

[0026] <Example 1 of an experiment^ The pharmaceutical preparation of examples 1 -6 was prepared by adding dipivefrin 
hydrochloride after dissolving epsilon-aminocaproic acid (0.5g), sodium glutamate (0.5g), lysine hydrochloride (0.5g), a histidine 
hydrochloride (0.5g), a benzoic acid (0.3g), or nicotinamide (0.5g) in sterile purified water, as shown in the following table 1 , adding 
sterile purified water and a small amount of hydrochloric acid, or a sodium hydroxide, and setting the whole quantity to 100ml. pH 
was set to 5.0. Since these additives had buffer capacity in the pH5 neighborhood, otherwise, the buffer was not added. On the 
other hand, since pH of a solution fell when decomposition generates an acid, dipivefrin hydrochloride added the sodium acetate 
usually used as a buffer to the pharmaceutical preparation of the example 1 of a comparison, and prepared the same dipivefrin 
hydrochloride water solution (pHS.O) as the above. 
[0027] 
[Table 1] 
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[0028] Glass ampul was filled up with these and pH and the dipivefrin hydrochloride content of each pharmaceutical preparation 
were measured after saving at 25 degrees C, 40 degrees C, and 60 degrees C. HPLC performed measurement of dipivefrin 
hydrochloride. The survival rate (100% of initial value) of the dipivefrin hydrochloride after saving under a monograph affair and pH 
of pharmaceutical preparation are shown in Table 2. 
[0029] 

[Table 2] 
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[0030] As compared with the dipivefrin survival rate of the example 1 of a comparison, the survival rate is highly maintained for 
any example containing various amino acid, a benzoic acid, or nicotinamide, and the remarkable stabilization by these addition was 
checked over the examined total -temperature range so that clearly from Table 2. 

[0031] <Example 2 of an experiment The pharmaceutical preparation of examples 7-13 was prepared by adding dipivefrin 
hydrochloride after dissolving a sodium chloride (3 or 0.4g), propylene glycol (1g), tyloxapol (1 or 0.3g), or a polyvinyl pyrrolidone 
(1g) in the solution containing epsilon-aminocaproic acid (0.5g) and sodium glutamate (0.3g), as shown in the next table 3, adding 
sterile purified water and a small amount of hydrochloric acid, or a sodium hydroxide, and setting the whole quantity to 100ml. pH 
was set to 4.5. the dipivefrin hydrochloride water solution (pH4.5) same except containing only epsilon-aminocaproic acid and 
sodium glutamate as an additive for a comparison as the above — the example 2 of a comparison and the example 3 of a 
comparison were prepared, respectively. 
[0032] 
[Table 3] 



JP.1 1-228404.A [DETAILED DESCRIPTION] 4/5 / 














Jt«#J 












2 


7 


8 


9 


3 


10 


ii 


12 


13 




lOOmg 


lOOmg 


lOOmg 


lOOmg 


lOOmg 


lOOmg 


lOOmg 


lOOmg 


lOOmg 




SOOmg. 


SOOmg 


SOOmg 


500mg 


— 
























300mg 


30Omg 


300mg 


300mg 


300mg 







3O0Omg 


4O0mg 




— 


— 


400mg 


— 













lOOOmg 








lOOOmg 


lOOOmg 














































lOOOmg 




q. S. 


q.s. 


q.s. 


q.s. 


q.s. 


q.s. 


Q.S. 


Q.S. 
* 






q.S. 


q.s. 




q.s. 


q.s. 


q.3. 


qs. 


qs. 


qs. 




q.s. 


q.s. 


q.s. 


q.s. 


qs. 


qs. 


qs. 


qs. 


qs. 




lOOml 


lOOml 


lOOml 


lOOml 


100ml 


100ml 


100ml 


100ml 


100ml 


PH 


4.5 


4.5 


4.S 


4.5 


4.5 


4.5 


4.5 


4.S 


4.5 



[0033] Glass ampul was filled up with these and a dipivefrin hydrochloride content and pH of pharmaceutical preparation were 

measured after saving at 40 and 60 degrees C. A result is shown in the next table 4. 

[0034] 

[Table 4] 
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[0035] Stabilization of dipivefrin hydrochloride was seen by adding a sodium chloride, propylene glycol, tyloxapol, or a polyvinyl 
pyrrolidone in the solution of the dipivefrin hydrochloride containing epsilon-aminocaproic acid or sodium glutamate so that 
clearly from Table 4. As a result of predicting chemical stability based on the kinetics generally performed about the case where 
various additives are especially added to this using sodium glutamate, in 15 degrees C, it was predicted that the preservation for 
about two years was possible. This stability enables commercial production of 1 agent nature ophthalmic solutions. 
[0036] (Pharmaceutical preparation example 1 ) Dipivefrin hydrochloride was dissolved in this after dissolving the following basis 
component in sterile purified water, sterile purified water and a small amount of hydrochloric acid, or the sodium hydroxide was 
added, pH was set to 4.5, sterile purified water was added, and the whole quantity was set to 100mL(s). 
[0037] 

Dipivefrin hydrochloride [ 0.4g benzalkonium chloride / 0.005g hydrochloric acid or sodium hydroxide / ... Optimum dose 

sterile purified water / Optimum dose whole quantity / 100mL[0038] ] 0.1 g sodium glutamate .... 0.3g propylene 

glycol I.Og sodium chloride (Pharmaceutical preparation example 2) Dipivefrin hydrochloride was dissolved in this after 

dissolving the following basis component in sterile purified water, sterile purified water and a small amount of hydrochloric acid, or 
the sodium hydroxide was added, pH was set to 4.5, sterile purified water was added, and the whole quantity was set to 100mL 
(s). 

[0039] 

Dipivefrin hydrochloride [ 0.9g benzalkonium chloride / 0.005g hydrochloric acid or sodium hydroxide / ... Optimum dose 

sterile purified water / Optimum dose whole quantity / 100mL[0040] ] 0.1 g sodium glutamate .... 0.3g tyloxapol 0.3g 

sodium chloride (Pharmaceutical preparation example 3) Dipivefrin hydrochloride was dissolved in this after dissolving the 
following basis component in sterile purified water, sterile purified water and a small amount of hydrochloric acid, or the sodium 
hydroxide was added, pH was set to 4.5, sterile purified water was added, and the whole quantity was set to 100mL(s). 
[0041] 
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Dipivefrin hydrochloride [ 0.005g epsilon-aminocaproic acid / 0.5g hydrochloric acid or sodium hydroxide / ... Optimum dose 

sterile purified water / Optimum dose whole quantity / 100mL[0042] ] 0.1g propylene glycol 1.0g sodium 

chloride 4.0g benzalkonium chloride (Pharmaceutical preparation example 4) Dipivefrin hydrochloride was dissolved in this 

after dissolving the following basis component in sterile purified water, a small amount of hydrochloric acid or sodium hydroxide 

was added, pH was set to 4.5, sterile purified water was added, and the whole quantity was set to 100mL(s). 

[0043] 

Dipivefrin hydrochloride [ 1.0g concentrated glycerin / 1.5g benzalkonium chloride / 0.005g hydrochloric acid or 

sodium hydroxide / .... Optimum dose sterile purified water / Optimum dose whole quantity / 100mL[0044] ] O.lg 

monosodium gtutamate ... O.lg propylene glycol 0.5g polyvinyl pyrrolidone 

[Effect of the Invention] Since the ophthalmic solutions of this invention have pH by the side of neutrality more, there are few 
stimuli to an eye than the conventional 1 agent nature dipivefrin ophthalmic solutions of low pH. Moreover, in this invention, since 
stabilization of dipivefrin is attained, it becomes unnecessary for a such neutrality side pH to also adopt a 2 agent nature gestalt 
like the conventional 2 agent nature dipivefrin ophthalmic solutions, and it can cancel a patient's inconvenience and worries about 
contamination. 



[Translation done.] 
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